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ABSTRACT 


The  effects  of  hypophysectorny  and  adrenalectomy,  and 

the  administration  of  certain  hormones  on  the  QO^j  acid  soluble 

32 

phosphorus  concentration  and  P  incorporation,  were  studied  in 
selected  tissues  of  the  male  rat  and  guinea  pig.  The  tissues 
studied  were  plasma,  adrenal  gland  and  the  dorsolateral  prostate 
and  ventral  prostate  glands.  The  hormones  employed  were 
adrenocorticotropic  hormone  (ACTH)and  desoxycort icos terone 
acetate  (DCA) . 

Hypophysectorny  was  found  to  cause  a  decrease  in  the 
concentration  of  the  inorganic  phosphorus  of  the  plasma,  but  a 
much  greater  increase  in  the  specific  activity.  ACTH,  administered 
intraperitoneally  as  a  single  injection,  increased  the  plasma 
phosphorus  concentration  in  hypophysectomized  rats  toward  normal 
but  had  little  effect  in  intact  animals.  Injection  of  ACTH  did 
not  affect  the  plasma  specific  activity  in  either  normal  or 
hypophysectomized  animals. 

Hypophysectorny  reduced  the  QO^  and  relative  specific 
activity  of  the  adrenal.  In  hypophysectomized  animals,  the 
adrenal  acid  soluble  phosphorus  concentration  was  increased. 
Administration  of  ACTH  increased  the  adrenal  QO^  and  relative 
specific  activity  in  both  hypophysectomized  and  intact  animals. 

In  hypophysectomized  rats,  the  dorsolateral  prostate 
and  ventral  prostate  Q0o  were  reduced.  In  contrast,  the  phosphorus 
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concentration  and  specific  activity  were  increased  in  these 
animals.  Twenty-four  hours  after  a  single  injection  of  ACTH, 
intact  guinea  pig  prostate  QC^  was  increased,  however,  this 
treatment  had  little  effect  on  dorsolateral  prostate  or  ventral 
prostate  QO^  in  either  intact  or  hypophysectomized  rats.  No 
changes  were  observed  in  prostate  phosphorus  concentration  or 
specific  activity  after  ACTH  had  been  administered  to 
hypophysectomized  rats.  In  intact  animals,  administration 
of  ACTH  slightly  increased  the  phosphorus  concentration  and 
specific  activity  in  guinea  pig  prostate,  but,  in  contrast, 

ACTH,  in  one  set  of  experiments,  reduced  rat  ventral  prostate 
specific  activity. 

The  plasma  phosphorus  concentration  was  increased 
after  adrenalectomy  or  chronic  DCA  treatment  of  intact  rats. 

An  increased  plasma  specific  activity  was  found  in  adrenalectomized 
animals.  Daily  injections  of  DCA  slightly  decreased  plasma  specific 
activity  in  both  adrenalectomized  and  intact  rats. 

A  single  injection  of  DCA  increased  adrenal  QO2 .  However, 
chronic  DCA  treatment  slightly  decreased  both  the  adrenal  OO2  and 
the  adrenal  relative  specific  activity. 

Adrenalectomy  and  daily  injections  of  DCA  in  intact  rats 
reduced  dorsolateral  prostate  Q09 *  After  adrenalectomy,  the 
dorsolateral  prostate  relative  specific  activity  was  also  reduced. 

The  ventral  prostate  QC^  and  relative  specific  activity 
were  not  affected  by  adrenalectomy  or  by  chronic  DCA  treatment. 
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I.  INTRODUCTION 


The  adrenal  glands  were  apparently  first  described 
by  Eustachius  in  the  sixteenth  century  (1) .  The  importance  of  the 
adrenal  glands  was  appreciated  only  after  Addison  (2)  associated 
the  disease  which  now  bears  his  name  with  destructive  lesions  in 

the  glands.  His  observations  interested  the  physiologist  Brown- 

✓ 

Sequard,  who  made  the  pioneer  experiments  on  the  effects  of 
adrenalectomy  and  concluded  that  the  adrenal  glands  were  essential 
to  life  (1).  The  classical  study  of  Smith  (3)  established  the 
fact  that  hypophysectomy  results  in  atrophy  of  the  adrenal  cortex. 

Numerous  studies  have  served  to  elucidate  the 
physiology  and  biochemistry  of  the  adrenal  cortex  and  medulla  but 
few  investigations  have  been  conducted  on  the  metabolic  pattern 
underlying  the  endocrine  phenomena  of  these  tissues.  The 
respiratory  rate  coupled  with  an  examination  of  the  incorporation 
of  radioactive  phosphorus  offers  a  convenient  method  for  the 
examination  of  the  metabolic  activity  of  a  tissue. 

This  investigation  was  primarily  designed  to  study 
the  effects  of  various  experimental  conditions  on  the  tissue 
respiration  and  phosphorus  metabolism  of  the  adrenal  gland.  In 
addition,  the  effects  of  altered  adrenal  states  upon  the  tissue 
respiration  and  phosphorus  metabolism  of  the  dorsolateral 
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prostate  and  ventral  prostate  were  studied.  Previous  workers  in 

this  laboratory  have  studied  the  effect  of  altered  adrenal  states 

upon  the  zinc  metabolism  in  the  rat  adrenal  and  prostate.  Rudzik 

and  Riedel  (4)  and  James  (5)  postulated  a  dependence  of  the 

dorsolateral  prostate  on  normal  adrenal  activity  since  they  had 

observed  that  adrenalectomy  decreased  the  zinc  concentration  and 

Zn0^  incorporation  in  this  gland. 

A  series  of  experiments  was  conducted  on  the  effect 

of  hypophysectomy  and  the  administration  of  adrenocorticotropic 

32 

hormone  (ACTH)  on  the  tissue  respiration  and  P  uptake  in  the 
adrenal  gland  and  prostate  glands.  A  second  series  of  experiments 
was  conducted  on  the  effect  of  desoxycorticos terone  acetate  (DCA) 
on  the  respiratory  rate  and  P^  incorporation  in  the  same  tissues. 
The  effect  of  adrenalectomy  and  the  administration  of  DCA  on  the 
prostate  glands  was  also  studied  in  the  second  series. 


■ 


* 


II  LITERATURE  SURVEY 


A.  THE  ADRENAL  CORTEX 
1 .  Adrenocortical  steroids 

Adrenocortical  hormones  were  first  isolated  from 
the  adrenal  gland  in  1936  (6) .  By  1958,  over  40  steroids  had 
been  isolated  from  adrenal  extracts  (7).  Of  the  biologically 
active  steroids  secreted  in  the  adrenal  venous  blood,  cortisol 
and  corticosterone  are  quantitatively  the  most  important  (8) . 

Smaller  amounts  of  some  0^9  and  C21  steroids  were  found  in  the 
adrenal  effluent  after  corticotropin  stimulation  (8) .  Aldosterone, 
while  of  great  physiological  importance,  is  secreted  by  adult 
human  subjects  in  very  small  amounts,  of  the  order  of  200 
micrograms  per  day  (9) .  It  has  been  estimated  that  an  adult 
human  subject  secretes  about  25  milligrams  of  cortisol  per  day  (10). 

The  sequences  of  reactions  involved  in  the  biosynthesis 
of  adrenocortical  steroids  are  not  fully  known.  Both  acetate  and 
cholesterol  labelled  with  have  been  incorporated  into 
corticosteroids  (11).  Although  cholesterol  would  seem  to  be  an 
obvious  potential  precursor  of  the  adrenocortical  hormones  (12), 
whether  it  is  an  essential  intermediate  in  the  synthesis  of 
corticosteroid  hormones  from  acetate  is  a  controversial  question 
(13).  An  enzyme  system  has  been  found  in  adrenal  glands  which  is 
capable  of  cleaving  cholesterol  to  pregnenolone  and  isocaproic 
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acid  (14).  Another  enzyme  system  (12)  converts  the  -3  beta 
hydroxy  compound,  pregnenolone,  into  the  a  -  3  -  oxosteroid, 
progesterone.  It  is  postulated  that  the  various  adrenocortical 
hormones  are  biosynthesized  by  a  series  of  enzymatic  hydroxylations 
and  dehydrations  at  the  11  beta,  17  alpha,  18,  and  21  positions  of 
progesterone  (12,  13,  15). 

11-Desoxycorticosterone  has  been  isolated  from 
beef  adrenals,  but  it  is  normally  secreted  in  very  small  amounts 
(12).  The  formula  of  desoxycorticosterone  acetate  (DGA)  is  shown. 

ch2  oocch3 


2 •  Relation  of  steroid  secretion  to  the  histological  zones  of  the 
adrenal  cortex. 

The  adrenal  gland  was  histologically  divided  into 
concentric  zones,  the  outer  connective  tissue  capsule,  the  zona 
glomerulosa,  zona  fasiculata,  zona  reticularis,  and  central  medulla 
by  Arnold  in  1866  (16).  Gottschau  (17)  suggested  that  adrenal 
cells  formed  under  the  capsule  and  migrated  to  the  zona  fasiculata 
where  they  elaborated  their  secretions,  and  died  in  the  zona 
reticularis.  The  theory  of  cell  migration  was  replaced  by  the 
zonal  theory  (12).  This  theory  suggested  that  there  may  be  a 
division  of  secretory  function  between  the  zones  of  the  adrenal 
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cortex  and  that  these  functions  may  not  be  equally  dependent  upon 
the  hypophysis.  This  theory  was  based  on  the  observation  that 
electrolyte  imbalance  followed  adrenalectomy  but  not  hypophysectomy . 
Also,  after  hypophysectomy,  the  zona  fasiculata  atrophies,  but 
the  zona  glomerulosa  remains  unchanged  for  some  time.  The  work 
of  Deane  and  Greep  (18)  supported  the  concept  that  an  electrolyte 
active  steroid  was  secreted  by  the  zona  glomerulosa,  independent 
of  the  hypophysis,  but  subject  to  change  according  to  electrolyte 
intake.  By  incubation  of  ox-adrenal  slices,  direct  evidence  was 
obtained  which  showed  that  aldosterone  was  preferentially  produced 
by  the  zona  glomerulosa  and  cortisol  by  the  zona  fasiculata  (19). 
Further  support  for  the  zonal  theory  is  the  observation  that  the 
17  alpha  hydroxylating  system  is  in  the  fasiculata  only  and  that 
the  18  -  oxidase  is  confined  to  the  zona  glomerulosa  (20) . 

3 .  Transport  and  Metabolism  of  steroids 

Binding  of  steroids  to  plasma  proteins  was  first 
suggested  by  the  fact  that  albumin  greatly  increased  the  solubility 
of  steroids  in  aqueous  media  (21) .  By  equilibrium  electrophoresis 
of  plasma  to  which  hydrocortisone  -  4  -  C ^  had  been  added,  Daughaday 
(22)  found  a  peak  of  radioactivity  in  the  alpha  globulin  region. 

The  corticosteroid-binding  globulin  (CBG)  can  bind  a  variety  of 
steroids,  and  the  relative  affinity  of  the  CBG  for  the  steroid  can 
be  assessed  by  the  ease  with  which  it  displaces  C cortisol  (22). 
According  to  Daughaday  and  associates  (23) ,  who  compared  the  binding 
characteristics  of  sera  from  pregnant  or  estrogen-treated  subjects 
to  those  of  controls,  increased  binding  of  hydrocortisone  -  can 
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be  demonstrated  by  "estrogen"  plasma. 

Adrenocortical  hormones  are  largely  inactivated  in 
the  liver  by  reduction  of  the  20  -  oxo  substituent  and/or  the  & 

3  -  oxo  group  in  ring  A.  These  reduction  products  are  largely 
excreted  as  glucuronides  (24) .  Blood  (25)  and  muscles  (26)  have 
also  been  shown  to  be  sites  of  corticosteroid  inactivation. 

Studies  on  the  metabolic  transformation  of  hydrocortisone  -  4  - 
in  normal  men  (27)  revealed  that  eleven  known  metabolites  accounted 
for  approximately  90  per  cent  of  the  radioactivity  in  the  urinary 
steroid  fraction  obtained  after  hydrolysis  of  conjugates  with  beta  - 
glucuronidase.  The  major  transformation  products  as  a  group  were 
the  tetrahydro  derivatives.  The  glycerol  side-chain  derivatives, 
cortols  and  cortolones,  accounted  for  18  to  33  per  cent.  Cleavage 
of  the  side  chain  of  hydrocortisone  occurred  to  a  limited  extent. 

4 .  Mechanisms  of  adrenocortical  control. 

Stimuli  which  activate  adrenal  corticoidogenesis 
include  chemical  agents,  environmental  conditions,  and  psychological 
phenomena  (28) .  These  stimuli  were  termed  "stress"  by  Selye  (29) . 
The  removal  of  the  pituitary  gland,  which  is  the  site  of  formation, 
storage  and  release  of  ACTH,  prevents  the  activation  of  the  adrenal 
cortex  by  stressful  stimuli  (28).  The  effects  of  ACTH  on  the 
adrenal  cortex  include  stimulation  or  corticoid  formation  and 
content,  increase  in  adrenal  weight,  and  a  decrease  of  ascorbic 
acid,  lipid  and  cholesterol  content. 

Bovine  ACTH  is  a  39  amino  acid  peptide  (30) .  A 
synthetic  peptide,  the  structure  of  which  corresponds  to  the 
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postulated  arrangement  of  the  23  amino  acid  residue  from  the  amino 
end  of  the  ACTH,  is  endowed  with  the  full  in  vivo  ascorbic  acid 
depleting  and  plasma  corticosterone  elevating  activity  of  the 
natural  hormone  (31)  .  From  a  correlation  of  biological  activity 
to  the  extent  of  oxidation  of  the  methionine  contained  in  the 
hormone,  it  is  now  concluded  that  the  oxidation-reduction  center 
of  ACTH  is  the  thioether  grouping  of  methionine  (32) . 

At  least  two  mechanisms  are  involved  in  the  control 
of  ACTH  release,  one  concerned  with  rapid  responses  to  external 
environmental  changes,  the  other  with  reciprocal  adjustments  to 
changing  blood  levels  of  adrenal  cortical  hormones.  Both  are 
probably  mediated  by  the  hypothalamus  (28) .  Neural  control  over 
the  release  of  ACTH  is  thought  to  be  exerted  by  the  secretion  of 
a  chemical  mediator  by  the  cells  of  the  hypothalmic  area  of  the 
brain  into  hypophysial  portal  vessels  leading  to  the  pituitary 
gland.  The  ACTH-releasing  activity  of  vasopressin  and  its 
analogues,  and  an  amino  -  acid  analysis  of  an  impure  corticotropin¬ 
releasing  factor  (CRF)  suggest  that  CRF  is  probably  chemically 
related  to  vasopressin  (33) . 

Stone  and  Hechter  (34)  found  that  ACTH  stimulates 
the  conversion  of  radioactive  acetate  and  cholesterol  to  glucocorticoids 
but  has  no  effect  on  the  steroid  -  steroid  conversions.  They 
concluded  that  ACTH  accelerates  a  rate-limiting  reaction  between 
cholesterol  and  pregnenolone.  In  a  later  paper,  Hechter  (35) 
concluded  that  hormones,  including  ACTH,  probably  act  by  influencing 
the  passage  of  intermediates  through  the  membranes  of  the  cell. 

A  recent  hypothesis  (36)  postulates  that  the  primary  action  of  ACTH 
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is  on  the  accumulation  of  adenosine  -  3',  5*  -  monophosphate 
(3',  5*  -  AMP)  within  the  adrenal  cortex. 

5 .  Physiological  importance  of  adrenocortical  hormones. 

Cortisol  excess  produces  fasting  hyperglycaemia, 
glycosuria  and  an  increase  in  liver  glycogen.  These  effects  are 
called  adrenal  steroid  diabetes  (12).  This  condition  differs  from 
pancreatic  diabetes  in  that  insulin  does  not  lower  the  blood  sugar 
level  (37)  .  Long  and  Lulcen  (38)  first  showed  an  increase  in 
urinary  nitrogen  when  cortisone  reversed  the  fasting  hypoglycaemia 
of  the  adrenalectomized  animal.  They  suggested  the  mechanism 
involved  gluconeogenesis  from  protein  catabolism.  However,  a 
similar  study  (39)  showed  that  the  production  of  glucose  was  in 
excess  of  that  derived  by  gluconeogenesis.  It  was  postulated  that, 
in  addition  to  their  capacity  to  stimulate  gluconeogenesis,  the 
adrenocortical  hormones  also  inhibit  the  utilization  of  carbohydrate 
by  the  tissues.  In  support  of  this  thesis,  it  was  shown  that 
hexokinase  activity  was  inhibited  by  adrenocortical  hormones  (40) . 

Bacila  and  Barron  (40)  suggested  that  the  hormones  combine  with 
the  thiol  groups  of  hexokinase  to  produce  this  inactivation. 

The  catabolic  effect  of  cortisol,  negative  nitrogen 
balance,  is  accompanied  by  retardation  or  cessation  of  growth, 
muscle  wasting,  thinning  of  the  skin,  osteoporosis,  and  reduction 
in  lymphoid  tissue.  Possible  mechanisms  of  the  anti-anabolic  action 
have  been  suggested  from  experimental  studies.  High  doses  of  cortisone 
decrease  the  incorporation  of  glucose  and  amino  acids  into 
proteins  of  the  diaphragm  of  both  intact  and  adrenalectomized  rats  (41) , 
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indicating  prevention  of  protein  anabolism.  When  the  liver  is 
surgically  removed,  amino  acids,  released  from  tissue  proteins, 
cannot  be  deaminated  and  accumulate  in  the  plasma.  Plasma  amino 
acids  thus  indicate  the  net  rate  of  protein  degradation.  Exogenous 
steroids  given  to  hepatectomized  rats  produced  an  accelerated  rise 
of  plasma  amino  nitrogen  (42)  indicating  an  increase  in  protein 
catabolism.  Glucocorticoids  facilitate  the  liver's  ability  to 
concentrate  amino  acids  (43) .  This  corticosteroid-induced  "trapping" 
of  amino  acids  by  the  liver  may  serve  as  stimulus  for  peripheral 
protein  catabolism  and  degradation  of  amino  acids  by  the  liver. 

The  redistribution  of  body  fat,  increased  centripetal 
fat  at  the  expense  of  fat  in  the  extremities,  in  patients  receiving 
high  doses  of  glucocorticoids  or  in  patients  with  Cushing's 
syndrome,  suggests  both  lipolysis  and  lipogenesis  (44) .  The 
mechanisms  involved  are  not  precisely  defined  from  experimental  data. 

Abnormalities  in  electrolyte  and  water  metabolism 
associated  with  adrenal  insufficiency,  first  described  by  Loeb  and 
his  co-workers  (45),  include  excessive  renal  and  extrarenal  loss  of 
sodium,  potassium  retention,  decreased  serum  and  intracellular  sodium 
and  increased  serum  and  intracellular  potassium.  Since  the  plasma 
sodium  levels  of  adrenalectomized  rats  were  lower  than  the  levels 
in  neurohypophysectomized  or  in  adrenalectomized-neurohypophysectomized 
rats  and  since  antidiuretic  hormone  (ADH)  depressed  the  plasma 
sodium  concentration  of  the  double  operated  rats  (12),  it  was 
concluded  that  the  naturetic  effect  of  ADH  potentiates  the  loss  of 
sodium  in  adrenalectomized  rats.  The  deficient  diuretic  response 
to  water,  characteristic  of  adrenal  insufficiency  (46)  can  be  corrected 
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by  a  glucocorticoid  (47) . 

Reduction  in  striated  muscle  function  occurs  in 
the  absence  of  corticosteroids  but  small  doses  of  adrenal  extracts 
will  reverse  this  effect  (48) .  Similarly,  the  left  ventricular 
work  index  of  a  rat  heart-lung  preparation  has  been  shown  to  be 
exquisitely  sensitive  to  minute  amounts  of  corticosterone, 
cortisol  and  aldosterone,  with  aldosterone  as  the  most  potent 
(49) .  There  is  a  close  parallelism  between  the  relative  potencies 
of  adrenocortical  extracts  and  steroids  in  their  ability  to  relieve 
the  fatigue  of  muscle  from  adrenalectomized  animals  and  their 
capacity  to  produce  glycogen  deposition  in  the  liver  (50) . 

A  method  employed  clinically  to  evaluate  the 
adrenocortical  competence  of  a  patient  depends  on  the  fact  that 
the  eosinophil  cell  count  normally  declines  markedly  after  a  dose 
of  ACTH,  while  in  a  patient  suffering  from  Addison's  disease,  such 
a  decline  is  slight  or  absent  (51)  .  The  eosinophil  cell  count  in 
mice  has  been  used  successfully  as  a  biological  test  for  the 
potency  of  various  adrenocortical  steroids  (52) . 

Adrenocortical  hormones  suppress  the  inflammatory 
reaction  to  tissue  damage  (53) .  The  first  important  clinical 
paper  on  the  effect  of  an  adrenocorticoid  was  published  in  1949 
(54)  describing  the  effect  of  cortisone  in  rheumatoid  arthritis. 

The  disease  is  alleviated  primarily  through  the  anti-inflammatory 
action  of  corticosteroid  treatment  (12). 

Kerppola  (55)  reported  an  inhibitory  effect  of 
cortisone  on  oxidative  phosphorylation  and  oxygen  uptake  by  rat 
liver  mitochondria  which,  through  consequent  reduction  of  ATP 
production,  could  presumably  result  in  impairment  of  hexokinase 
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function,  of  oxidation  of  fatty  acids  in  the  Kreb's  cycle,  and 
of  protein  synthesis,  and  thus  account  for  many  of  the  symptoms 
of  hypersecretion  or  excessive  dosage  of  corticosteroids.  Further 
studies  by  Kerppola  and  Pitlcanen  (56)  indicated  that  the  inhibitory 
effect  of  cortisone  is  located  at  the  cytochrome  oxidase  level, 
since  only  minor  or  no  changes  were  found  in  the  succinic  dehydrogenase 
and  DPN-cytochrome  -  c  reductase  activities. 

B.  PHOSPHORUS  METABOLISM 
1 .  Plasma 

Host  of  the  phosphorus  found  in  the  plasma  is 
present  as  the  inorganic  phosphate  (57)  .  In  1938,  Anderson  and 
Oestler  (58)  reported  a  marked  fall  in  the  concentration  of 
plasma  inorganic  phosphate  following  removal  of  the  pituitary  in 
the  rat.  The  decreased  concentration  of  plasma  inorganic  phosphate 
in  hypophysectomized  rats  has  been  confirmed  by  several  workers 
(59  -  61) .  Li  et  al  (61)  observed  that  growth  hormone  prevents 
this  decrease  after  hypophysectomy  and  even  elevates  the  phosphorus 
level  above  that  of  the  controls.  ACTH  has  been  reported  to  decrease 
the  concentration  of  plasma  inorganic  phosphate  in  both  normal  and 
hypophysectomized  rats  (59)  .  In  contrast  to  this  report,  Riedel 
and  co-workers  (60)  found  that  ACTH  did  not  change  the  plasma 
phosphorus  level  in  either  normal  or  hypophysectomized  rats. 

When  p32  is  introduced  into  the  plasma,  most  of  the 
labelled  phosphate  ions  soon  leave  it  (62)  .  The  loss  of  labelled 
phosphate  is  partly  due  to  its  rapid  diffusion  into  the  extracellular 
space,  to  exchange  with  phosphorus  atoms  present  in  the  cells  of 
various  tissues,  and  to  excretion. 
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Gemzell  and  Samuels  (59)  found  that  the  specific 
activity  of  plasma  inorganic  phosphate  was  higher  in  5  day 
hypophysectomized  rats  than  in  normal  rats,  twenty  minutes  to 
twenty  four  hours  after  intraperitoneal  injection  of  . 

They  suggested  that  a  major  factor  in  the  difference  of  specific 
activities  was  a  reduced  extracellular  space  in  the  operated 
animals,  and,  in  addition,  a  reduced  rate  of  exchange  of  the  inorganic 
between  the  extracellular  and  intracellular  compartments. 

Other  investigators  have  also  observed  an  increased  specific 
activity  of  plasma  inorganic  phosphate  in  hypophysectomized  rats 
(60,  63,  64) .  Geschwind  et  al  (63)  reported  that  the  administration 
of  growth  hormone  lowered  this  level  toward  normal.  ACTH  has  been 
found  to  have  no  effect  on  the  specific  activity  of  plasma  inorganic 
phosphate  in  either  normal  or  hypophysectomized  rats  (59,  60,  65,  66). 
2 .  Adrenal 

In  a  quantitative  histochemical  study  of  the 
distribution  of  phosphorus  compounds  in  the  rat  adrenal  (67) 
it  was  found  that  cold  trichloroacetic  acid  (TCA)  extractable 
phosphorus  is  uniformly  distributed  in  all  zones  and  that  there 
is  a  distinct  peak  in  extractable  ester  phosphorus  in  the  zona 
fasiculata.  Injection  of  ACTH  increases  the  inorganic  phosphate 
(cold  TCA)  in  all  regions  and  increases  the  labile  ester  phosphorus 
in  the  zona  reticularis  and  medulla.  Fiala  and  Glinsmann  (68) 
found  there  was  a  great  loss  in  AMP  in  normal  rat  adrenal  one  hour 
after  ACTH  injection.  On  the  other  hand,  ATP,  which  was  quite  low 
in  the  resting  tissue,  was  very  much  increased  as  the  result  of 
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Logan  and  co-workers  (66)  and  Reiss  and  Halkerston 
(69)  reported  a  significant  increase  in  the  specific  activity  of 
adrenal  inorganic  phosphate  when  ACTH  was  injected  into  normal 
rats.  A  trend  in  this  direction  was  noted  by  other  workers  (59,  60, 
65,  70)  but  the  figures  did  not  attain  the  conventional  level  of 
statistical  significance. 

It  has  been  found  that  hypophysectomy  decreases 

OO 

the  incorporation  of  inorganic  P  into  the  total  acid  soluble 
phosphorus  (69,  71)  and  inorganic  phosphate  (59,  60,  65,  66,  70-72) 
of  the  adrenal  gland.  In  each  instance,  the  changes  brought  about 
by  removal  of  the  pituitary  were  rapidly  reversed  by  a  single 
injection  of  ACTH.  Evidence  was  presented  by  Logan,  Riedel  and 
Rossiter  (73)  for  the  suggestion  (59)  that  the  decreased  specific 
activity  of  inorganic  phosphate  in  adrenals  of  hypophysectomized 
rats  is  due  to  a  decrease  in  the  rate  at  which  P^2  passes  through 
the  membrane  of  the  adrenal  cell. 

Riedel  et  al  (65),  finding  both  the  concentration 
and  the  uptake  of  P^2  into  lipid-phosphorus  decreased  in  adrenals 
of  hypophysectomized  rats,  suggested  that  in  the  hypophysectomized 
animal,  the  rate  of  lipid  formation  in  the  adrenal  is  reduced. 

ACTH  had  no  effect  on  normal  lipid-phosphorus  concentration  or 
specific  activity  but  restored  to  normal  both  the  concentration 
and  specific  activity  of  lipid-phosphorus  in  the  adrenal  of  the 
hypophysectomized  rat. 

The  specific  activity  of  total  ribonucleic  acid  - 
phosphorus  (72)  and  the  individual  nucleotides  (66)  of  the  adrenal 
were  decreased  by  hypophysectomy.  A  single  intraperitoneal 
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injection  of  ACTH  significantly  increased  the  p32  uptake  in  the 
nucleotides  of  the  adrenal  in  the  hypophysectomied  rat  (66,  72) 
but  had  little  effect  on  the  same  fractions  in  the  adrenal  of 
control  rats. 

A  more  recent  report  by  Bransome  and  Reddy  (74) 
showed  that,  although  in  vivo  ACTH  stimulation  caused  no  significant 
difference  in  the  mean  deoxy-ribonucleic  acid  content  of  dog 
adrenal  cortex,  ribonucleic  acid  was  increased  in  the  canine  cortical 
tissue.  The  greatest  ribonucleic  acid  increase  was  in  the  microsomal 
fraction. 

Exposure  of  normal  rats  to  short  periods  in  the  cold 
has  been  reported  to  stimulate  the  incorporation  of  inorganic 
phosphate  labelled  with  P^  into  the  acid  soluble  fractions  (64,  69, 

71,  75-77)  and  also  the  lipid-phosphorus  and  ribonucleic  acid  - 
phosphorus  (77)  of  the  adrenal.  However,  removal  of  the  pituitary 
(64,  69)  or  suppression  of  adrenocorticotropin  secretion  by  cortisone 
(75)  abolishes  this  response  to  the  cold.  These  investigators  have 
assumed  that  endogenous  ACTH,  mobilized  from  the  anterior  pituitary 
in  the  acute  reaction  to  stress,  is  a  factor  which  increases 
incorporation  of  P^2  into  the  various  phosphorus  -  containing 
fractions  of  the  adrenal  gland. 

Nicholls  and  Rossiter  (76)  found  that,  although  in 

32 

cold  stressed  animals  there  was  increased  uptake  of  P  in  the  acid 
soluble  fraction  of  the  adrenal,  there  was  no  concomitant  change  in 
the  phosphorus  concentration.  This  effect  was  explained  by  an  increase 
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in  the  rate  at  which  P  ^  passes  from  the  extracellular  fluid  to 
the  cellular  portion  of  the  gland.  However,  the  increased 
activity  found  in  the  lipid  and  ribonucleic  acid  fractions  (77) 
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was  associated  with  a  net  increase  in  concentration  of  these 
compounds  in  the  adrenal  gland,  indicating  a  net  increase  in 
synthesis  of  these  phosphorus -containing  organic  compounds. 

If  rats  were  exposed  to  the  cold  for  longer  periods, 
the  increase  in  P^2  incorporation  was  biphasic  (76) .  The  first 
response  was  greater  in  magnitude  and  was  maximal  after  two  or 
three  hours  in  the  cold,  followed  by  a  return  almost  to  normal 
by  24  hours.  The  second  response  did  not  occur  until  the  animals 
had  been  maintained  in  the  cold  for  several  days.  In  experiments 
devised  to  ascertain  the  role  of  the  thyroid  gland  in  the  adrenal 
response  to  cold  (64)  it  was  found  that  when  the  thyroid  function 
was  depressed  by  thiouracil,  the  increase  in  the  incorporation 
of  P^  into  the  acid  soluble  fractions  of  the  adrenal,  brought 
about  by  short  exposures  (three  hours)  in  the  cold,  was  unimpaired. 
The  response  after  longer  periods  in  the  cold  (eight  days), 
although  still  present,  was  considerably  decreased.  These  findings 
contribute  strong  support  to  the  suggestion  that  the  acute 
response  to  cold,  as  measured  by  increased  uptake  of  P^,  by  the 
adrenal  gland  is  initiated  by  stimulation  of  the  cortex  by 
endogenous  ACTH,  released  from  the  pituitary  gland.  The  finding 
that  the  response  in  the  phosphorus  metabolism  of  the  adrenal 
gland  of  animals  exposed  to  the  cold  for  eight  days  was  greatly 
decreased  when  thyroid  activity  was  depressed  with  thiouracil, 
indicates  that  part  of  the  later  response  in  the  adrenal  is, 
in  part  at  least,  dependent  upon  the  activity  of  the  thyroid 
gland.  Rats,  conditioned  to  the  cold,  did  not  elicit  the  great 
increases  in  the  specific  activities  of  adrenal  acid  soluble 
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fractions  seen  in  normal  animals,  when  both  acclimatized  and 
normal  animals  were  subjected  to  severe  cold  (75).  This  observation 
is  consistent  with  the  view  that  the  changes  in  phosphorus  metabolism 
of  the  adrenal  found  after  short  exposures  to  cold  are  stimulated 
by  endogenous  release  of  ACTH  in  the  early  response  to  stressful 
stimuli . 

Other  conditions  which  stimulate  the  pituitary- 
adrenal  system  have  been  shown  to  increase  the  incorporation  of 
into  the  adrenal  gland.  In  normal  rats,  the  injection  of 
adrenalin,  histamine  and  pitressin  caused  a  significant  increase 
in  relative  specific  activity  of  the  adrenal  inorganic  phosphate, 
compared  to  that  of  the  control  rats  receiving  saline  (78) . 

However,  when  normal  rats  were  treated  with  cortisone  prior  to 
the  injection  of  these  substances,  there  was  no  significant  change. 
Similarly,  the  injection  of  these  stimuli  in  hypophysectomized 
animals  only  slightly  increased  the  mean  relative  specific 
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C.  TISSUE  RESPIRATION  OF  THE  ADRENAL  GLAND. 

Oxygen  consumption  by  slices  of  adrenal  cortex  has 
been  used  as  a  criterion  of  cortical  cellular  metabolism  by  several 
groups  of  workers.  An  increase  in  oxygen  utilization  by  the  adrenal 
cortex  has  been  observed  after  administration  of  ACTH  in  vivo  (79) 
or  in  vitro  (80-87) . 

Nichols  and  Little  (81)  found  that  slices  of  canine 
adrenal  cortex  consisting  of  the  zona  glomerulosa  and  a  strip  of 
zona  fasiculata  have  a  higher  rate  of  oxygen  consumption  in  vitro 
than  do  slices  of  zona  fasiculata  and  zona  reticularis.  ACTH 
significantly  stimulated  the  rate  of  oxygen  consumption  of  both 
slices,  the  percentage  increase  in  oxygen  consumption  being  about 
equal  for  the  two  slices.  Other  investigators  (83,  88)  have  observed 
a  higher  rate  of  oxygen  uptake  in  the  outer  zones  of  adrenal  gland 
than  in  the  inner  cortical  tissue. 

Sourkes  and  Heneage  (88)  and  Gordon  (89)  observed 
that  although  adrenal  homogenates  appear  to  oxidize  the  Kreb's  cycle 
intermediates  at  considerably  faster  rates  than  do  slices,  the 
respiration  of  adrenal  slices  is  greater  than  that  of  homogenates. 

Increased  adrenal  QO2  values  were  reported  in 
scorbutic  guinea  pigs  (83),  pregnant  rats  and  in  rats  maintained 
on  vitamin  E  deficient  diet  (90) .  When  ACTH  was  added  in  vitro 
to  the  cortical  tissue  (83,  90)  there  was  little  increment  in 
oxygen  utilization.  NcKee  and  Walker  (83)  suggested  that  the 
reason  for  lack  of  augmentation  of  respiration,  is  that  the  g’and 
is  already  maximally  stimulated.  Other  non-specific  chronic 
stressful  stimuli,  broken  leg  and  vitamin  A  and  D  deficient  diets 
(90)  were  reported  to  result  in  increased  QO2  of  rat  adrenal  cortex. 
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Nichols,  Davis  and  Green  (91)  reported  that  the 
rate  of  oxygen  consumption  of  adrenal  cortex  slices  from  dogs 
five  days  after  hypophysectomy  and  from  dogs  surgically  traumatized 
(stressed)  was  normal  and  gave  the  usual  increase  in  rate  of  oxygen 
consumption  when  ACTH  was  added  in  vitro. 

In  vitro  addition  of  desoxycorticosterone  to  adrenal 
slices  has  been  reported  to  have  no  effect  (82),  to  inhibit  (92) 
and  to  markedly  increase  (87)  the  endogenous  respiration.  Sourkes 
and  Heneage  (93)  found  that  the  adrenals  of  cortisone-treated 
rats  showed  a  decreased  endogenous  respiration  as  well  as  greatly 
reduced  rates  of  oxidation  of  various  intermediates  of  the  Kreb's 
cycle.  In  a  further  report  (92)  they  found  that  the  in  vitro 
addition  of  cortisone  or  desoxycorticosterone  inhibited  the 
oxidation  of  substrates  tested  and,  in  addition,  lowered  the 
endogenous  respiration.  Desoxycorticosterone  was  the  more  potent 
inhibitor. 
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Ill  EXPERIMENTAL 


A .  ANIMALS 

Male  guinea  pigs  were  used  in  the  first  series. 

They  were  maintained  on  lettuce,  carrots,  dog  food  pellets  and 
water  ad  libitum. 

Male  albino  rats  of  the  Sprague-Dawley  strain  were 
used  in  all  subsequent  series.  Normal  intact  animals  were 
maintained  on  dog  food  pellets  and  water  ad  libitum. 

Rats  hypophysectomized  by  the  transpharyngeal 
route  were  obtained  from  Hormone  Assay  Laboratories'  . 
Hypophysectomized  rats  were  maintained  on  a  diet  of  oranges, 
carrots,  potatoes,  brown  bread,  oatmeal,  milk  and  water  ad  libitum. 

Adrenalectomy  was  performed  by  the  dorsal  route 
while  the  animals  were  under  light  ether  anesthesia.  Adrenalectomized 
rats  received  drinking  water  containing  one  percent  sodium  chloride 
ad  libitum  and  dog  food  pellets. 

B.  INJECTIONS 

Adrenocorticotropic  Hormone  (ACTH,  Parke,  Davis  and 
Co.,  Ltd.)  was  administered  by  intraperitoneal  injection  to  both 
intact  and  hypophysectomized  rats  and  intact  guinea  pigs.  The 
amount  of  ACTH  injected  was  4  milligrams  per  100  grams  body 
weight  as  a  single  dose  24  hours  before  sacrificing.  The  amount  of 
ACTH  administered  was  the  same  as  that  employed  by  others  (5,  65). 

^Hormone  Assay  Lab.  Inc.,  Chicago,  Ill. 
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Desoxycorticosterone  acetate  (DCA)11  was  prepared 
as  a  0.6  per  cent  suspension  in  sesame  oil  and  was  administered 
by  intraperitoneal  injection  to  both  intact  and  adrenalectomized 
rats.  The  amount  of  DCA  injected  was  6  milligrams  as  a  single 
dose  (acute  experiments)  given  24  hours  before  sacrifice,  and  3 
milligrams  as  a  daily  dose  (chronic  experiments)  which  was 
administered  for  a  period  of  8  days.  The  last  dose  was  administered 
24  hours  before  the  animal  was  killed.  The  dose  of  DCA  administered 
in  the  acute  and  chronic  experiments  had  been  used  previously  in 
this  laboratory  (5) . 

Radioactive  phosphorus  (P^2)^  was  administered  by 
intraperitoneal  injection  to  the  animals  of  both  the  test  and 
control,  groups.  Guinea  pigs  received  200  microcuries  16  hours 
before  killing  and  rats  received  50  microcuries  P^2  24  hours  before 
killing.  The  animals  were  weighed  at  the  time  of  the  isotope 
injection  and  fasted  until  sacrificed. 

C.  REMOVAL  OF  TISSUES 

Guinea  pigs  were  killed  by  a  sharp  blow  on  the  head. 

A  vertical  incision  was  made  up  the  abdomen  to  the  diaphragm. 

The  animal  was  inverted  over  a  20  ml.  beaker  containing  0.1  ml. 
Heparin*  and  a  blood  sample  was  collected.  The  blood  sample  was 
transferred  to  a  15  ml.  centrifuge  tube  and  immediately  centrifuged 
at  2000  r.p.ra.  for  approximately  20  minutes.  The  adrenal  and  prostate 
glands  were  quickly  removed,  placed  in  petri  dishes  lined  with  moist 

i 

filter  paper,  and  stored  in  a  moist,  cold  (2  -  5°  C)  chamber. 

@  Supplied  by  Ciba  Co.  Ltd.,  Montreal 

#  as  H3PO4  in  HC1  obtained  from  Atomic  Energy 
of  Canada,  Ltd., 

*  Lipo-Heparin,  1000  U.S.P.  Units  per  cc 
(Riker  Pharmaceuticals  Co.,  Ltd.) 
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Rats  were  killed  by  decapitation.  In  order  to 
obtain  sufficient  adrenal  tissue,  at  least  three  rats  were 
sacrificed  at  one  time.  Each  rat  was  inverted  over  a  separate 
20  ml*  beaker  and  a  blood  sample  collected  and  centrifuged  in 
the  same  manner  as  described  for  the  guinea  pig.  A  vertical 
incision  was  made  up  the  abdomen  to  the  diaphragm  and  the  adrenal 
glands  and  prostate  gland  were  quickly  excised.  The  prostate 
was  separated  into  the  dorsolateral  and  ventral  portions.  The 
tissues  were  pooled  and  stored  as  described  above. 

D .  DETERMINATION  OF  TISSUE  RESPIRATION 

In  order  to  measure  the  respiration  of  tissues  in 
contact  with  oxygen,  it  is  necessary  to  have  the  samples  suspended 
in  such  a  manner  as  to  ensure  maximal  contact  of  the  tissue  with 
the  gas.  A  method  that  meets  this  requirement  was  proposed  by 
Huston  and  Martin  (94)  in  which  specially-designed  vessels  are 
used  (95).  The  tissue  slices  are  carefully  spread  out  on  fiber¬ 
glass  mats  to  permit  ready  contact  of  gas  with  both  sides  of  the 
slice,  then  the  mats  are  placed  on  removable  trays  in  the  wide- 
mouth  Huston -Martin  flasks.  The  Huston -Martin  technique  has  been 
successfully  applied  in  various  pharmacological  studies  in  this 
laboratory  (96,  97). 

1 .  Preparation  of  tissue  samples 

The  adrenals  were  cleaned  of  adherent  fat  and 
sliced  thinly  with  a  razor  blade.  The  slices  were  carefully 
spread  out  on  tared  fibre-glass  mats,  which  were  kept  in  moist 
petri  dishes  in  the  refrigerated  cabinet  until  all  sections  were 
ready  for  weighing.  Two  tissue  slice  preparations  were  obtained 
from  each  guinea  pig  adrenal.  The  remaining  portion  of  each 
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adrenal  was  saved  for  determination  of  phosphorus  and  radioactivity. 
Four  guinea  pig  adrenal  samples  for  determination  of  tissue 
respiration  were  obtained  from  one  animal.  The  slices  of  rat 
adrenal  were  pooled  and  one  sample  was  obtained  for  determination 
of  tissue  respiration. 

The  prostate  was  cleaned  of  adherent  fat  and  spread 
evenly  on  tared  fibre-glass  mats.  The  mats  were  stored  as  described 
above.  Four  guinea  pig  prostate  samples  for  determination  of 
tissue  respiration  were  obtained  from  each  animal.  The  remaining 
guinea  pig  prostate  tissue  was  saved  for  determination  of  phosphorus 
and  radioactivity.  The  rat  prostate  portions  were  pooled.  One 
sample  of  dorsolateral  prostate  and  one  sample  of  ventral  prostate  was 
obtained  for  determination  of  tissue  respiration. 

2 .  Apparatus  and  Method 

After  weighing  the  tissue  samples  on  a  Gram-atic 
balance,  the  samples  were  placed  on  removable  trays  in  the  Huston- 
Martin  flasks  and  attached  to  standard  Warburg  manometers  by  a 
glass  adaptor.  After  attachment  to  the  manometers,  the  flasks 
were  placed  in  the  constant  temperature  water  bath  at  37.9°  C 
and  flushed  with  oxygen  for  two  minutes.  Then  all  ground  glass 
connections  were  thoroughly  tightened  and  approximately  ten 
minutes  was  allowed  for  thermal  equilibrium.  The  oxygen  consumption 
was  determined  by  the  direct  method  of  Warburg  using  a  gas  phase 
of  oxygen.  Readings  were  taken  at  ten  minute  intervals  for  eighty 
minutes.  No  longer  than  twenty-five  minutes  elapsed  from  the  time 
the  animal  was  killed  until  the  flasks  were  placed  in  the  water 
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Guinea  pig  prostate  tissue  samples  were  placed  in 
flasks  of  about  7  ml.  capacity.  All  other  tissue  samples  were 
placed  in  flasks  of  about  12  ml.  capacity.  Carbon  dioxide  was 
absorbed  by  potassium  hydroxide  which  was  absorbed  on  a  piece 
of  filter  paper  on  the  bottom  of  the  flask.  0.1  ml.  10%  potassium 
hydroxide  was  used  in  the  smaller  flasks  and  0.2  ml.  10%  potassium 
hydroxide  in  the  larger  flasks.  0.4  ml.  Krebs  Ringer  Phosphate 
(98)  (KRP)was  placed  in  the  removable  tray  of  the  smaller  flasks, 

1.0  ml.  KRP  in  the  tray  of  the  larger  flasks.  The  flasks  were 
prepared  as  described  and  warmed  to  approximately  37°  C  in  a  water 
bath  before  the  tissue  samples  were  placed  in  them. 

3 •  Calculation  of  Results 

Warburg  manometers  record  changes  in  pressure  of 
gas  in  the  flask.  The  flask  constant,  coupled  with  the  weight 
of  the  tissue  is  used  to  determine  a  standardized  QO2 •  The  OO2 
used  in  this  investigation  expresses  ml.  of  oxygen  consumed  per 
gram  of  tissue  (wet  weight)  per  hour.  Since  the  rate  of 
respiration  in  artificial  media  declines  with  time,  the  QO2 
value  for  zero  time  must  be  obtained  by  straight  line  extrapolation 
of  the  rates  during  the  experimental  period.  The  rate  of  respiration 
has  been  depressed  by  the  cold  during  the  operation  procedure  and 
returns  to  a  maxinum  at  the  conclusion  of  thermal  equilibrium. 

This  rate  of  respiration  is  therefore  the  closest  approximation 
to  that  in  situ. 

E.  SEPARATION  OF  ACID  SOLUBLE  PHOSPHORUS 

Phosphorus  is  unique  among  the  inorganic  nutritional 
elements  in  that  it  is  involved  in  a  major  mechanism  for  the  storage 
and  mobilization  of  energy,  namely  phosphorylation.  The  metabolism 
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of  phosphorus  is  an  indication  of  the  metabolism  and  energy 
consumption  in  a  tissue.  Inorganic  phosphates  and  ester 
phosphates,  which  play  an  important  part  in  energy-donating 
metabolism,  are  soluble  in  tricloroacetic  acid  (TCA) . 

After  centrifugation  of  the  blood  sample,  two 
0.5  ml.  aliquots  of  guinea  pig  plasma  were  removed.  One  0.3  ml. 
aliquot  of  rat  plasma  was  removed  from  each  blood  sample.  The 
rat  plasma  samples  were  pooled.  The  plasma  samples  were  extracted 
three  times  with  1.0  ml.  cold  10%  TCA  and  the  combined  supernatants 
were  diluted  to  10.0  ml.  with  demineralized  distilled  water. 

The  portion  of  each  guinea  pig  adrenal  remaining 
after  samples  had  been  taken  for  determination  of  tissue  respiration 
was  weighed  and  homogenized  in  1.0  ml.  10%  TCA  using  a  glass 
homogenizer  of  the  Potter  and  Elvehjem  type.  The  homogenizer 
tube  and  contents  were  centrifuged  and  the  supernatant  removed. 
Homogenization  and  centrifugation  were  repeated  two  more  times. 

The  three  supernatant  aliquots  were  combined  and  diluted  to  10.0 
ml.  with  demineralized  distilled  water. 

Tx^o  samples  of  the  remaining  guinea  pig  prostate 
portion  were  weighed  and  carried  through  the  same  homogenization 
procedure  as  described  for  the  adrenal. 

t 

After  the  termination  of  the  tissue  respiration 
study,  the  mats  holding  the  rat  tissues  were  removed  from  the 
flasks  and  placed  in  the  homogenizer  tubes.  Homogenization, 
centrifugation  and  collection  of  supernatants  was  carried  out 


as  described  above. 
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F .  QUANTITATIVE  DETERMINATION  OF  PHOSPHORUS 

Duplicate  1.0  ml.  aliquots  of  the  cold  TCA  soluble 
extracts  were  taken  for  phosphorus  determination.  Four  samples 
of  adrenal,  prostate  and  blood  were  obtained  for  each  guinea  pig 
sacrificed.  Two  samples  of  adrenal,  dorsolateral  and  ventral 
prostates  and  blood  were  obtained  for  each  group  of  rats  sacrificed. 

The  1.0  ml.  aliquots  of  TCA  soluble  extract  were 
wet  ashed  with  0.5  ml.  of  a  mixture  of  3  parts  H2SO4  and  2  parts 
60%  HCIO4  in  10  or  30  ml.  Kjeldahl  flasks  on  an  Electrothermal 
Kjeldhal  Apparatus.  The  solution  was  ashed  approximately  10 
minutes,  until  the  solution  had  turned  a  light  yellow  color  and 
returned  to  colorless.  The  cooled,  ashed  material  was  then  diluted 
with  8.0  ml.  of  demineralized  distilled  water  and  neutralized  with 
concentrated  ammonium  hydroxide,  using  two  drops  of  bromothymol 
blue  as  indicator.  The  end  point  was  reached  when  one  drop  of 
the  base  turned  the  yellow  solution  to  blue. 

A  blank  was  prepared  by  diluting  3.0  ml.  of  10% 

TCA  to  10.0  ml.  with  demineralized  distilled  water.  Standard 
solutions  were  prepared  containing  5,  10  or  20  micrograms 
phosphorus  per  ml.  (as  KH2PO4) .  One  1.0  ml.  aliquot  of  the 
blank  and  each  of  the  standard  phosphorus  solutions  were  wet  ashed 
along  with  the  tissue  samples  as  described  above. 

One  ml.  of  an  acid  molybdate  color  reagent  (99) 
was  added  to  each  of  the  neutralized  solutions  from  the  wet 
ashing  procedure  and  the  solution  was  placed  in  a  boiling  water 
bath  for  thirty  minutes.  The  solution  was  then  removed,  cooled 
and  the  absorbance  measured  in  a  Beckman  Model  B  Spectrophotometer 
at  780  ny.  Distilled  water  was  used  as  the  reference  solution. 
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The  value  of  the  blank  was  subtracted  from  each  reading  before  the 

amount  of  phosphorus  contained  in  each  fraction  was  calculated. 

The  optical  densities  of  the  standard  solutions  were  plotted  against 

micrograms  phosphorus.  The  Lambert-Beer  law  was  satisfied  over 

the  range  investigated.  This  method  for  determination  of  phosphorus 

had  been  previously  used  in  this  laboratory  (100).  The  phosphorus 

concentration  of  the  samples  was  determined  by  a  direct  comparison 

with  the  corrected  optical  densities  of  the  phosphorus  standards. 

The  concentration  of  phosphorus  in  each  tissue  sample  was  then 

determined  ^ug  phosphorus  x  dilution  factor  , 
mg.  wet  weight  of  tissue 

Comparable  results  were  obtained  in  preliminary 
experiments  when  the  phosphorus  was  determined  in  standard  solutions 
which  had  not  been  wet  ashed  and  neutralized  and  in  standard 
solutions  which  were  carried  through  the  ashing  procedure  described 
above.  This  indicated  that  phosphorus  was  not  lost  to  any  appreciable 
extent  during  wet  ashing  and  that  the  light  yellow  color  of  the 
bromothymol  blue  in  acid  solution  did  not  interfere  with  the 
measurement  of  the  blue  color  produced  by  the  phosphomolybdate . 

G .  DETERMINATION  OF  RADIOACTIVITY 

The  radioactivity  of  the  samples  was  estimated  in  an 
M-6  liquid  Geiger-Muller  counting  tube  (20th  Century  Electronics) 
attached  to  a  decade  scaler  (Tracer lab,  Inc.,  Boston,  Mass.) 

It  was  convenient  to  use  the  colored  solution  prepared  for  the 
phosphorus  estimation  directly  in  the  liquid  counter.  All  counts 
were  corrected  for  background,  differences  in  the  standard  count, 
and  for  radioactive  decay. 

Counting  error 

The  standard  error  of  a  counting  rate  ns  -  is 
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where  Ns 

ts 

Nb 

fcb 

ns 


total  sample  count  recorded 

total  sample  counting  time 

total  background  count  recorded 

total  background  count  time 

Ns  =  sample  counting  rate 
ts 


nb  =  Nb  s  background  counting  rate 

tb 

All  samples  were  counted  for  3  minutes  and  the  lowest 
uncorrected  count  recorded  was  200  counts  per  3  minutes.  Background, 
which  was  counted  for  10  minutes,  was  never  more  than  180  counts 
per  10  minutes.  Under  these  conditions  the  standard  error  of  the 
counting  rate  was  48.7  it  3.8  counts  per  minute.  The  percentage 
standard  error  was  7.8%,.  For  most  samples,  the  net  counting  rate 
was  greater  than  48  counts  per  minute;  therefore,  the  percentage 
standard  error  was  less  than  7.8%. 
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p32  standards 

In  order  to  correct  for  variations  in  the  injected 

dose  from  experiment  to  experiment,  the  same  measured  volume  of 

the  solution  of  P^2  used  for  the  injection  was  taken  for  the 

preparation  of  a  standard.  This  volume  was  diluted  to  50  ml. 

with  N/10  HC1  in  a  volumetric  flask.  Triplicate  20  lambda 

aliquots  were  dried  on  planchettes  and  counted  with  an  end- 

window  Geiger-Muller  counting  tube  (Tracerlab) .  The  average 

counting  rate  of  the  first  dose  injected  in  a  series  was  assigned 

a  value  of  100  per  cent.  Subsequent  injections  in  the  series  were 

32 

corrected  to  this  standard  dose.  A  simulated  P  standard 
(Tracerlab)  was  also  counted  to  correct  for  mechanical  variations 
within  the  counting  equipment. 

H.  DEFINITION  OF  TERNS 

The  specific  activity  (S.A.)  of  a  sample  is  defined 

as  the  number  of  counts  per  minute  per  raicrogram  of  phosphorus. 

i.e.,  S.A.  =  counts  per  minute 

micrograras  of  phosphorus  in  sample 

Since  a  constant  amount  of  P^2  was  injected, 

regardless  of  the  size  of  the  animal,  it  was  necessary,  when  plasma 

samples  from  different  animals  were  to  be  compared,  to  correct  the 

specific  activity  for  differences  in  dilution.  The  specific 

activity  of  the  plasma  inorganic  phosphorus  obtained  for  a  particular 

animal  was  multiplied  by  the  body  weight,  to  give  a  value  (corrected 

specific  activity)  independent  of  animal  size. 

i.e.,  corrected  S.A.  =  S.A.  of  plasma  inorganic  phosphorus  x  body  weight. 
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The  relative  specific  activity  (RSA)  of  a  sample 
is  defined  as  the  S.A.  of  a  sample  relative  to  the  corrected  S.A. 

o 

For  convenience  this  figure  was  multiplied  by  10  . 

i.e.,  RSA  =  S.A.  of  sample  x  10^ 
corrected  S.A. 

The  mean  Q02>  phosphorus  concentration,  specific 
activity,  and  relative  specific  activity  of  each  tissue  investigated 
was  determined.  Any  difference  from  normal  values  noted  was 
tested  for  significance  by  the  Student's  "t"  test  (101).  The 
probability  of  0.05  was  selected  as  the  point  of  significance. 

The  letter  "S"  signifies  that  the  difference  in  means  between  a 
treated  and  non-treated  group  is  statistically  significant. 
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IV  OBSERVATIONS 


The  experimental  work  was  divided  into  two  parts. 

Part  A  was  a  study  of  the  effect  of  hypophysectomy  and  the  administration 
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of  ACTH  on  the  QO2,  phosphorus  concentration  and  P  “  incorporation 
of  selected  tissues.  Part  B  was  a  similar  study  of  the  effect  of 
adrenalectomy  and  the  administration  of  DCA.  The  results  are 
summarized  in  the  following  sections.  The  detailed  records  are 
presented  in  table  form  in  the  Appendix.  The  results  are  recorded 
for  the  following  tissues:-  plasma,  adrenal  gland,  dorsolateral 
prostate  and  ventral  prostate. 

Part  A  HYPOPHYSECTOMY  AND  ACTH 
The  ACTH  experiments  were  conducted  as  follows :- 
Series  I  Intact  guinea  pigs 

ACTH- treated  intact  guinea  pigs 
Series  II  Intact  rats 

ACTH-treated  intact  rats 
Series  III  Intact  rats 


Hypophysectomized  (4  -  20  days)  rats 
ACTH-treated  hypophysectomized  (4  -  20  days)  rats 


Series  IV  Intact  rats 


ACTH-treated  intact  rats 
Hypophysectomized  (4  days)  rats 
ACTH-treated  hypophysectomized  (4  days)  rats 
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1 .  Plasma  (Tables  I  and  II,  Figure  I) 

A  statistical  comparsion  of  the  effects  of 

hypophysectomy  and  the  administration  of  ACTH  on  the  phosphorus 
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concentration  and  P  uptake  in  blood  plasma  is  presented  in 
Tables  I  and  II.  A  graphic  summary  of  the  results  is  shown  in 
Figure  I. 

The  plasma-P  concentration  in  4  -  20  day 
hypophysectomized  rats  was  significantly  decreased  from  normal. 

A  similar  trend  in  the  plasma-P  concentration  was  seen  in  the 
4  day  hypophysectomized  animals.  This  reduction  was  not  significant 
(P  >  0.15).  Although  a  single  injection  of  ACTH  raised  the  plasma-P 
content  in  both  normal  and  hypophysectomized  animals,  these  increases 
were  not  significant.  However,  ACTH  increased  the  plasma-P 
concentration  in  4  -  20  day  hypophysectomized  rats  sufficiently 
so  that  the  level,  although  lower  than  normal,  was  not  significantly 
different  from  the  normal  level. 

The  plasma-P  specific  activity  in  both  the  4-20 
day  and  the  4  day  hypophysectomized  rats  was  significantly  higher 
than  normal.  When  the  plasma-P  specific  activity  was  corrected 
for  body  weight  the  corrected  specific  activity  in  the  4-20 
day  hypophysectomized  rats  was  significantly  higher  than  normal. 
Although  the  plasma-P  corrected  specific  activity  in  4  day 
hypophysectomized  rats  was  higher  than  normal,  this  increase  was 
not  statistically  significant. 

The  administration  of  ACTH  to  normal  guinea  pigs 
significantly  decreased  the  plasma-P  specific  activity.  However, 
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the  corrected  specific  activity,  although  lower  than  normal,  was 
not  significantly  different.  A  single  injection  of  ACTH  had 
little  effect  on  plasma-P  specific  activity  in  intact  rats  or  in 
hypophysectomized  rats. 

2.  Adrenal  (Tables  III  and  IV,  Figure  II) 

The  mean  adrenal  QO2  was  markedly  reduced  in  both 
the  4-20  day  and  4  day  hypophysectomized  groups.  Administration 
of  ACTH  significantly  increased  the  adrenal  QO2  in  intact  guinea 
pigs  and  rats  and  in  4  day  hypophysectomized  rats.  The  increased 
adrenal  QO2  in  ACTH-treated  4-20  day  hypophysectomized  rats 
approached  statistical  significance  (0.1  P  ^  0.05).  Table 
IV  shows  that  the  mean  adrenal  QO2  of  the  4  day  hypophysectomized 
and  ACTH-treated  hypophysectomized  rats  was  greater  than  the  mean 
QO2  of  the  4-20  day  hypophysectomized  group  similarly  treated. 

A  single  injection  of  ACTH  significantly  increased 
the  adrenal-P  concentration  in  intact  guinea  pigs  but  had  little 
effect  in  normal  or  in  hypophysectomized  rats. 

A  significant  increase  in  adrenal-P  concentration 
was  observed  in  both  the  4-20  day  and  4  day  hypophysectomized 
groups . 

The  specific  activity  of  ACTH-treated  guinea  pig 
adrenal-P,  although  lower  than  normal,  was  not  significantly 
different.  This  effect  may  have  been  a  reflection  of  the  decreased 
plasma-P  specific  activity  of  the  ACTH-treated  guinea  pigs  (Table  I) . 
The  adrenal-P  relative  specific  activity  of  ACTH-treated  guinea 
pigs  was  significantly  greater  than  normal.  Administration  of 
ACTH  to  intact  rats  significantly  increased  both  the  specific 
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activity  and  relative  specific  activity  of  adrenal-P. 

The  adrenal-P  specific  activity  of  4  -  20  day 
hypophysectomized  rats  was  not  significantly  different  from 
normal,  an  effect  which  probably  reflected  the  increased  plasma-P 
specific  activity  (Table  II) .  Riedel  et  al  (60)  has  shown  that 
the  adrenal-P  specific  activity  increases  with  time  after 
hypophysectomy,  but  when  the  adrenal-P  specific  activity  relative 
to  plasma-P  specific  activity  is  compared  between  normal  and 
hypophysectomized  rats,  the  adrenal-P  relative  specific  activity 
of  hypophysectomized  rats  remains  at  a  constant  level  below 
normal . 

In  4  day  hypophysectomized  rats,  the  adrenal-P 
specific  activity  was  significantly  less  than  normal.  The 
adrenal-P  relative  specific  activity  was  significantly  less  than 
normal  in  both  the  4-20  day  and  4  day  hypophysectomized  groups. 

Twenty-four  hours  after  a  single  injection  of 
ACTH,  the  adrenal-P  specific  activity  and  relative  specific  activity 
was  significantly  elevated  above  normal  in  both  the  4-20  day 
and  the  4  day  hypophysectomized  rats.  There  was  no  significant 
difference  between  the  adrenal-P  specific  activity  and  relative 
specific  activity  of  ACTH-treated  hypophysectomized  and  ACTH- 
treated  normal  rats  in  Series  IV. 

3.  Dorsolateral  Prostate  (Table  V,  Figure  III) 

The  administration  of  ACTH  had  no  significant  effect 
on  any  measurements  carried  out  on  the  dorsolateral  prostate  in 
either  intact  or  hypophysectomized  rats. 

Hypophysectomy  significantly  reduced  the  dorsolateral 
prostate  QC>2  in  the  4-20  day  Series  but  had  no  effect  in  the  4  day 


Series . 
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The  dorsolateral  prostate-P  concentration  was 
significantly  decreased  in  both  hypophysectomized  groups. 

Both  the  specific  activity  and  the  relative 
specific  activity  of  dorsolateral  prostate-P  were  increased  in 
the  4-20  day  hypophysectomized  rats.  A  similar  trend  was  noted 
in  the  4  day  hypophysectomized  rats  but  the  increases  were  not 
significantly  different  from  normal. 

4.  Ventral  Prostate  (Tables  VI  and  VII,  Figure  IV) 

Administration  of  ACTH  significantly  increased  the 
guinea  pig  prostate  QO2  but  had  little  effect  on  ventral  prostate 
QO2  in  either  intact  rats  or  hypophysectomized  rats. 

Hypophysectomy  significantly  reduced  the  ventral 
prostate  QO2  in  the  4-20  day  Series  but  had  no  effect  in  the 
4  day  Series. 

Hypophysectomy  significantly  increased  the  ventral 
prostate-P  concentration.  Administration  of  ACTH  to  intact  rats 
(Series  IV)  significantly  increased  the  ventral  prostate-P 
concentration.  In  other  experiments  (Series  II  -  IV)  administration 
of  ACTH  had  no  effect  on  the  ventral  prostate-P  concentration  in 
either  intact  or  hypophysectomized  animals. 

Administration  of  ACTH  increased  guinea  pig 
prostate  relative  specific  activity  (Series  I),  but  significantly 
decreased  intact  rat  ventral  prostate-P  specific  activity  and 
relative  specific  activity  in  Series  IV.  In  other  experiments 
(Series  II  -  IV)  administration  of  ACTH  did  not  have  a  significant 
effect  on  ventral  prostate-P  specific  activity  or  relative  specific 
activity  in  either  intact  or  hypophysectomized  rats. 
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Hypophysectomy  significantly  increased  the  ventral 
prostate-P  specific  activity  and  relative  specific  activity  in  the 
4-20  day  Series.  In  contrast,  a  slight  decrease  in  the  4  day 
Series  was  noted.  ACTH  treatment,  however,  lowered  the  ventral 
prostate-P  relative  specific  activity  to  a  value  which  was 
significantly  lower  than  normal  in  the  4  day  hypophysectomized 
rats. 
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FIGURE  I 
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FIGURE  IV 


VENTRAL  PROSTATE 
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Part  B  ADRENALECTOMY  AND  DCA 

The  DCA  experiments  were  conducted  as  follows :- 
DCA  (acute)  Intact  rats 

DCA-treated  intact  rats 
DCA  (chronic)  Intact  rats 

DCA-treated  intact  rats 
Adrenalectomized  rats 
DCA-treated  adrenalectomized  rats 

1.  Plasma  (Table  VIII,  Figure  V) 

DCA  (acute)  had  little  effect  on  plasma-P 
concentration  or  specific  activity. 

DCA  (chronic)  treatment  increased  the  plasma-P 
concentration  in  intact  animals  but  had  little  effect  in 
adrenalectomized  animals.  Adrenalectomy  increased  the  plasma-P 
concentrat ion . 

Adrenalectomy  significantly  increased  the  plasma-P 
specific  activity  and  corrected  specific  activity.  DCA  (chronic) 
treatment  of  adrenalectomized  rats  reduced  the  plasma-P  specific 
activity  to  normal  and  lowered  the  corrected  specific  activity 
toward  normal.  DCA  (chronic)  slightly  depressed  the  plasma-P 
specific  activity  in  normal  animals. 

2.  Adrenal  (Table  IX,  Figure  VI) 

DCA  (acute)  significantly  increased  the  adrenal 
QO2  but  no  other  changes  were  observed. 

DCA  (chronic)  slightly  depressed  the  adrenal  Q02 
and  relative  specific  activity.  The  depression  in  both  cases 
approached  significance  (0.10  y  p  >  0.05).  The  adrenal-P 

concentration  was  unchanged  by  DCA  (chronic) . 
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3*  Dorsolateral  Prostate  (Table  X,  Figure  VII) 

No  changes  were  observed  in  the  dorsolateral  prostate 
after  a  single  injection  of  DCA. 

Adrenalectomy  decreased  the  dorsolateral  prostate 
QO2.  DCA  (chronic)  decreased  the  dorsolateral  prostate  QO2  in 
normal  rats  but  had  no  effect  in  adrenalectomized  rats. 

Neither  the  dorsolateral  prostate-P  concentration 
nor  the  specific  activity  was  changed  by  adrenalectomy  or  by  DCA 
(chronic)  in  either  normal  or  adrenalectomized  rats. 

Adrenalectomy  significantly  reduced  the  dorsolateral 
prostate-P  relative  specific  activity.  DCA  (chronic)  had  little 
effect  on  dorsolateral  prostate-P  relative  specific  activity  in 
either  normal  or  adrenalectomized  rats. 

4.  Ventral  Prostate  (Table  XI,  Figure  VIII) 

No  changes  were  observed  in  the  ventral  prostate 
after  a  single  injection  of  DCA. 

The  ventral  prostate  QO2  was  unaffected  by 
adrenalectomy  or  by  DCA  (chronic)  in  either  normal  or  adrenalectomized 
rats . 

Adrenalectomy  significantly  increased  the  ventral 
prostate  -  P  concentration.  DCA  (chronic) significantly  increased 
the  ventral  prostate  -  P  concentration  in  normal  but  reduced  the 
phosphorus  concentration  in  adrenalectomized  rats  so  that  the  level 
was  no  longer  significantly  different  from  normal. 

Adrenalectomy  significantly  increased  the  ventral 
prostate  -  P  specific  activity  but  the  relative  specific  activity 
was  not  significantly  different  from  normal. 
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DCA  (chronic)  had  no  significant  effect  on  ventral 
prostate  -  P  specific  activity  or  relative  specific  activity  in 
either  normal  or  adrenalectomized  rats. 
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FIGURE  V 


P  L  ASM  A 


EFFECT  OF  ADRENALECTOMY 


p32  UPTAKE 


P  CONTENT 
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V  DISCUSSION 


A.  GENERAL  DISCUSSION 

A  discussion  of  the  results  of  tissue  respiration 
should  be  prefaced  by  some  comments  on  the  procedure  proposed 
by  Huston  and  Martin  for  the  determination  of  tissue  respiration 
in  contact  with  oxygen.  In  standard  Warburg  methods  the  tissues 
are  suspended  in  solutions  approximating  the  milieu  inter ieur. 

The  suspending  media  dilute  and  may  modify  cellular  metabolites, 
hormones  and  other  substances  found  in  the  cells  of  living  tissues. 
Also,  the  added  materials  may  influence  the  normal  rate  of 
respiration.  Cellular  effects  demonstrated  by  the  addition  of 
drugs  in  vitro  do  not  necessarily  represent  the  response  of  the 
intact  animal,  particularly  in  view  of  possible  differential 
tissue  distribution  and  sensitivity  of  the  drug.  The  interpretation 
of  pharmacological  investigations  are  complicated  by  these 
physiological  uncertainties.  Huston  and  Martin  (94)  described  a 
method  for  the  determination  of  the  respiratory  rates  of  tissues 
in  contact  with  oxygen  by  supporting  them  in  the  gas  phase  on 
fiber  glass  mats  in  a  modified  wide-mouthed  Warburg  flask.  Using 
this  technique  the  respiratory  rates  of  tissues  can  be  measured 
without  the  introduction  of  the  uncertainties  of  an  artifical 
liquid  medium. 
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Some  limitations  of  this  technique  are: 

(a)  once  the  tissue  is  placed  on  the  mat,  further 
drugs  and  metabolites  cannot  be  added.  The  technique 
therefore  does  not  lend  itself  to  an  examination 

of  substrate  phenomena; 

(b)  the  tissue  cannot  act  as  its  own  control  as  is 
the  case  when  the  drug  is  added  from  a  side  arm. 

It  is  therefore  necessary  to  run  control  series  of 
non-treated  animals; 

(c)  a  disadvantage,  and  one  which  is  inherent  in 
all  tissue  respiration  studies,  is  that  once  the 
tissue  is  removed  from  the  body  it  progressively 
departs  from  physiological  normalcy.  Many  factors 
are  involved,  not  all  of  which  are  known.  Some 

of  the  more  obvious  factors  are  loss  of  hormone 
and  nervous  control,  limitation  of  supply  of 
metabolites  and  ions  and  accumulation  of  metabolic 
end  products.  However,  since  the  primary  interest 
is  the  effect  of  the  drug  on  the  tissue  at  the  time 
it  is  removed  from  the  body,  that  is  the  in  vivo 
effect,  this  disadvantage  is  not  serious. 

(d)  a  possible  disadvantage  is  that  the  tissue  is 
in  contact  with  oxygen  and  not  supplied  with 
nutrient  and  thus  may  consume  all  its  endogenous 
substrates.  This  situation  would  be  indicated  by 
a  more  rapid  fall  in  the  slope  of  the  graph  and  at 
the  end  of  an  hour  the  respiration  rate  might  be 
expected  to  be  below  that  of  the  tissues  in  fluid. 
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However,  it  was  found  that  the  tissues  on  the  mats 
had  the  least  diminution  of  oxygen  consumption  (94) . 
The  above  disadvantages  are  minimized  by  the  procedure 
of  extrapolation  to  zero  time.  The  rate  of  respiration  has  been 
reduced  in  the  cold  during  the  preliminary  manipulations  and  returns 
to  a  maximum  at  the  conclusion  of  equilibration  which  is  the  point 
of  extrapolation.  This  figure  would  appear  to  closely  approximate 
the  in  vivo  situation. 

Stare  and  Elvehjem  (102)  postulated  that  the  oxygen 
uptake  of  each  tissue  is  a  measure  of  the  sum  total  of  the  activity 
of  the  various  individual  oxidase  systems.  A  deviation  from  the 
normal  respiration  of  the  tissue  could  therefore  be  due  to 
pathological  changes  in  the  activity  of  the  individual  enzyme 
systems.  Huston  and  Martin  felt  that  results  obtained  by  using 
their  method  were  reliable  approximations  to  in  vivo  conditions. 

The  interpretation  of  changes  in  phosphorus  metabolism 
should  also  be  commented  upon.  The  adrenal  ascorbic  acid  depletion 
test  of  Sayers  (103)  is  the  most  widely  used  method  for  the  assay 
of  ACTH.  Nicholls  and  Graham  (78)  suggested  that  the  incorporation 
of  inorganic  P^2  into  the  adrenal  gland  could  also  be  used  as  an 
index  of  the  stimulation  of  the  adrenal  cortex  by  ACTH,  since 
substances  which  are  known  to  cause  depletion  of  adrenal  ascorbic 
acid,  increased  the  relative  specific  activity  of  the  adrenal 
gland.  Thus  either  the  administration  of  ACTH  to  hypophysectomized 
rats  or  the  exposure  of  normal  rats  to  a  cold  environment  caused 
an  increase  in  the  rate  at  which  inorganic  phosphate  labelled 
with  radioactive  phosphorus  (P^)  entered  the  cellular  portion  of 
the  gland  (59,  60,  64,  69,  76).  Administration  of  ACTH  to 
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hypophysectomized  rats  (103)  or  exposure  of  normal  rats  to  a  cold 

environment  (104)  caused  a  depletion  of  adrenal  ascorbic  acid. 

The  evidence  for  the  assumption,  (that  increased  incorporation  of 
32 

inorganic  P  into  the  adrenal  gland  is  indicative  of  stimulation 
of  the  adrenal  cortex  by  ACTH) ,  is  indirect,  but,  is  of  the  same 
type  as  that  favoring  the  view  that  the  depletion  of  adrenal 
ascorbic  acid  is  a  measure  of  adrenal  cortex  stimulation  (78) . 

B.  DISCUSSION  OF  RESULTS 

1 .  Effect  of  Hypophysectomy  and  the  Administration  of  ACTH 

The  effects  of  hypophysectomy  and  the  administration 
of  ACTH  are  discussed  for  the  individual  tissues, 
a.  Plasma 

The  normal  mean  value  obtained  for  the  inorganic 
phosphorus  concentration  in  rat  plasma  was  found  to  vary  from 
series  to  series.  The  average  mean  plasma  phosphorus  concentration 
observed  in  this  investigation  was  90  >ig.  P/ml.  plasma  (9.0  mg./lOO  ml.). 
This  value  is  within  the  range  reported  by  others.  Gemzell  and  Samuels 
(59)  reported  a  figure  of  5.36  mg./lOO  ml.  and  Li  et  al  (61)  found 
that  the  concentration  of  plasma  inorganic  phosphorus  was  11.4  mg./lOO  ml. 
Variations  in  the  extraction  methods  and  quantitative  determinations 
might  contribute  to  these  differences. 

The  mean  value  observed  for  plasma  phosphorus 
concentration  in  rats  sacrificed  at  intervals  4  to  20  days  after 
hypophysectomy  was  significantly  less  than  normal.  This  effect 
of  hypophysectomy  has  been  previously  reported  (59-61)  .  A  slight 
decrease  was  found  in  plasma  phosphorus  concentration  4  days  after 
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hypophyseetomy  but  this  reduction  was  not  significant*  In  contrast, 

Li  et  al  (61)  and  Riedel  et  al  (60)  found  that  in  hypophysectomized 
rats,  the  plasma  phosphorus  concentration  was  reduced  2  days  postoperative 
and  gradually  fell  over  a  14  day  period. 

Gemzell  and  Samuels  (59)  suggested  that  either  increased 
excretion  or  increased  storage  in  bone  could  account  for  the  decreased 
concentration  of  plasma  inorganic  phosphorus  observed  in  hypophysectomized 
animals.  Geschwind  et  al  (63),  however,  reported  a  decreased  total 
amount  of  phosphorus  per  unit  weight  of  bone  in  hypophysectomized 
rats.  They  suggested  that  lack  of  growth  hormone  in  hypophysectomized 
animals  might  account  for  the  decreased  plasma  phosphorus  concentration 
since  Li  et  al  (61)  had  previously  reported  that  when  growth  hormone 
was  administered  to  hypophysectomized  animals,  the  plasma  concentration 
of  phosphorus  did  not  fall  but  was  elevated  above  that  of  normal 
controls . 

Gemzell  and  Samuels  (59)  reported  that  ACTH  caused 
a  further  significant  decrease  in  plasma  inorganic  phosphorus 
concentration  in  hypophysectomized  animals.  However  in  this  study, 
an  intraperitoneal  injection  of  ACTH  did  not  significantly  alter 
the  plasma  phosphorus  level  in  either  normal  or  hypophysectomized 
rats.  Other  workers  have  reported  that  ACTH  had  no  effect  on  plasma 
phosphorus  concentration  (60,66). 

The  plasma  corrected  specific  activity  in  the  4-20 
day  hypophysectomized  rats  was  significantly  higher  than  normal. 

This  observation  is  in  agreement  with  the  results  of  other  workers 
(59,  60,  63  -  65).  A  similar  increase  in  plasma  corrected  specific 


j... :  •  '.i  •  ,  -  •  (  ■_  'Ji  •  /  <.A\ 


(  '  )  -  •  -  ■  •  ) 


.  j  j  t 


(-  ) 


. 


:  .  t  y  ■  ' 


If  . 


i .  .  !  i  :  .-O'  .  ;  - 


.  .  i  c  .  .  ,  j.  i>&  .  ;  )f\.  i  » •  :)  .<  v.  ■  .  r  '! 


.  ■  j  .  -  iiU 


j  i  ,  .  .  .  ;  .  f. 


%  •  .  .  -i  *  w  • 

r  '.it  ( o<  c .  '  •  ..  -  .  t  ■  .<  a,  .  t  .  i  o  j 

’  .  *  _•  ;  .■ . ,  •  .  ...  c  o 

V-  \.  >•  J  *  » 


)  «.  J.  ^  .  1  ..  .  .  ,  •  •  w.  ‘  .  I  .« .  lu 


.  1  *  ...  J  '  '  ■  1,  ...  .  .  _J 


. j:  /iv  ;  ..  .tf.  i  ...ji  .  /.».  ..  ij.  a  .:;..q9.i* 

...  ;  ■  1  ..>.  .  . 


.  ^  ..  c.  O  . . ;  :. .  .- j : 

\ 


. .  i :  ■  :  .  .  ... 


■  xl  .  .  ;  t  i . . 


v  <- 


'  '•  <  ;  ) 


62 


activity  was  found  4  days  after  hypophysectomy  but  this  elevated 
level  of  was  not  significantly  different  from  the  normal 
level.  Riedel  et  al  (65)  and  Logan  et  al  (66)  found  no  significant 
change  in  the  specific  activity  of  plasma  phosphorus  16  hours  after 
injection  of  PJ  in  2  day  hypophysectomized  rats.  However,  at 

OO 

shorter  time  intervals  after  P~>  injections,  50  minutes  (59)  and 
2  hours  (60) ,  there  was  an  increase  in  the  specific  activity  of 
plasma  phosphorus,  5  days  and  2  days  after  hypophysectomy, 
respectively. 

Gemzell  and  Samuels  (59)  suggested  that  there 

might  be  a  reduced  rate  of  exchange  of  inorganic  phosphorus 

between  the  extracellular  and  intracellular  compartments.  Geschwind 

et  al  (63)  showed  that  in  hypophysectomized  animals  there  was  a 

32 

decreased  uptake  of  P  by  muscle  and  bone.  This  effect  of 

hypophysectomy  would  tend  to  elevate  the  activity  in  plasma.  In 

addition,  Geschwind  and  co-workers  suggested  that  the  smaller  mass  per 

unit  body  weight  of  some  soft  tissues  (eg.,  liver)  would  result  in  a 

32 

decreased  total  P  uptake  by  these  organs.  These  workers  also 

32 

suggested  that  a  predicted  decrease  in  the  uptake  of  P  by  target 

32 

organs  affected  by  hypophysectomy  would  elevate  the  plasma  P 
level.  These  workers  showed  that  growth  hormone  was  capable  of 
lowering  the  plasma  PJ  level  in  hypophysectomized  animals  toward 
normal.  Lack  of  growth  hormone  in  hypophysectomized  animals 
would  seem  to  be  responsible,  in  part  at  least,  for  the  abnormal 
plasma  inorganic  phosphorus  concentration  and  specific  activity. 

ACTH  has  been  shown  in  these  experiments  and  by 
others  (59,  65)  to  have  little  effect  upon  plasma  phosphorus 
concentration  or  specific  activity  in  hypophysectomized  or 


normal  animals. 
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Since  a  pare  or  the  present  study  was  designed  to 
32 

investigate  the  uptake  of  P  by  the  adrenal  and  prostate  from 

the  plasma,  the  cause  of  the  increased  plasma  specific  activity 

in  hypophysectomized  animals  was  not  investigated  further.  An 

32 

increased  rate  of  absorption  of  P  from  the  peritoneal  cavity 

32 

or  a  decreased  elimination  of  P  by  the  kidney  of  hypophysectomized 
animals  are  other  possibilities  that  could  be  explored.  The 
decrease  in  the  concentration  of  the  inorganic  phosphorus  of  the 
plasma  discussed  above  is  not  large  enough  to  explain  the  increase 
in  the  specific  activity, 
b.  Adrenal 

The  marked  effects  observed  of  hypophysectomy 
32 

and  ACTH  on  QO2  and  P  uptake  are  indicative  of  the  control 
that  the  hypophysis  has  on  the  adrenal  gland. 

The  mean  adrenal  QO2  of  rats  sacrificed  at  intervals 
from  4  to  20  days  after  hypophysectomy  was  less  than  one-half 
of  the  normal  QO2.  The  mean  adrenal  QO2  4  days  postoperative  was 
reduced  by  one-quarter.  However,  insufficient  data  was  available 
for  different  time  intervals  after  hypophysectomy  to  show  statistically 
that  the  mean  adrenal  QO2  diminished  with  time  after  hypophysectomy. 

The  percentage  increase  in  adrenal  QO2  in  response  to  ACTH  was 
approximately  the  same  in  normal  and  hypophysectomized  animals. 

These  observations  would  indicate  that  exogenous  ACTH  is  able  to 
stimulate  the  adrenal  QO2  in  the  presence  or  absence  of  the 
hypophysis,  and,  also,  that  in  the  absence  of  endogenous  ACTH, 
the  QO2  is  reduced.  In  vivo  administration  of  ACTH  to  intact  rats 


lias  been  previously  reported  to  increase  the  adrenal  QO2  (79) 
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Overbeek  and  Van  der  Vies  (82)  suggested  that  the  percentage  increase 
in  QO2  consumption  in  response  to  in  vitro  addition  of  AGTH  to 
homogenized  hog  adrenal  cortex  could  be  employed  in  a  biological 
assay  of  ACTH. 

It  has  been  shown  that  0^  enters  the  11-beta 

1  ft 

position  in  steroid  hydroxzlations  from  molecular  0  but  not 
from  H2O  (15) .  Since  it  has  been  shown  conclusively  that  ACTH 
stimulates  corticoidogenesis  (28),  the  increased  adrenal  QO2  after 
ACTH  treatment  observed  in  this  study,  could  be  indicative  of 
stimulated  corticoidogenesis. 

The  adrenal  concentration  of  phosphorus  was  increased 
in  both  hypo physectomi zed  groups.  This  effect  of  hypophysectomy 
has  been  previously  reported  (59) .  Gemzell  and  Samuels  (59)  suggested 
that  the  increased  concentration  of  inorganic  phosphorus  in  the 
adrenal  after  hypophysectomy  may  be  due  to  decreased  incorporation 
of  the  phosphorus  into  esters  and  phospholipids. 

Administration  of  ACTH  did  not  significantly  affect 
the  adrenal  phosphorus  concentration  in  either  normal  or  hypophysectomized 
rats.  Other  workers  have  reported  that  the  adrenal  acid  soluble 
phosphorus  concentration  was  unchanged  after  hypophysectomy  (60,64) 
or  ACTH  treatment  of  either  normal  or  hypophysectomized  rats  (64) . 

In  this  investigation  it  was  found  that  the  relative 
specific  activity  of  the  adrenal  acid  soluble  fraction  was  reduced 
by  approximately  one-quarter  in  both  hypophysectomized  series. 

This  observation  that  hypophysectomy  reduced  the  adrenal  incorporation 
of  is  in  agreement  with  previous  reports  (59,  60,  63,  64,  66). 
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The  reduction  in  P^2  incorporation  in  the  adrenal 
4  to  20  days  after  hypophysectomy  was  not  as  great  as  the  reduction 
in  the  adrenal  QO2  in  the  same  series.  This  observation  might 
indicate  that  different  mechanisms  influence  the  P  uptake 
in  the  acid  soluble  fraction  of  the  adrenal  and  the  adrenal 
Q02. 

The  percentage  increase  in  adrenal  relative  specific 
activity  (24  hours  after  a  single  injection  of  ACTH)  was  approximately 
the  same  in  both  normal  and  hypophysectomized  rats.  Other  investigators 
have  reported  that  administration  of  ACTH  increased  the  specific 
activity  in  both  normal  rats  (66,  69)  and  hypophysectomized  rats 
(59,  60,  66,  69). 

The  percentage  increase  in  adrenal  relative  specific 
activity  after  ACTH  treatment  was  considerably  greater  than  the 
percentage  increase  in  adrenal  Q02.  This  observation  lends  further 
support  to  the  suggestion  that  the  incorporation  of  P^  and  QO2  of 
the  adrenal  are  influenced  by  different  mechanisms. 

Since  exogenous  ACTH  stimulated  the  incorporation 
32 

of  P  into  the  acid  soluble  fraction  of  the  adrenal  in  both 
normal  and  hypophysectomized  animals,  and,  since  the  removal  of 
the  endogenous  source  of  ACTH  reduced  the  P-^  uptake,  it  would  appear 
that  ACTH  influences  the  adrenal  incorporation  of  P^,  as  well  as 
the  adrenal  Q02. 

Logan,  Riedel,  and  Rossiter  (73)  postulated  that 
ACTH  increases  the  permeability  of  P^  into  the  adrenal  cell. 

In  this  investigation,  it  was  found  that  ACTH  did  not  affect  the 
concentration  of  acid  -  soluble  phosphorus.  The  increased  level 
of  activity  found  in  the  adrenal  after  ACTH  treatment  could  therefore 
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be  due  to  a  true  increase  in  the  turnover  of  acid  soluble  phosphorus 

compounds,  as  well  as  an  increased  transfer  of  inorganic  phosphorus 

across  the  adrenal  cell  membranes. 

In  addition  to  the  decrease  in  the  relative  specific 

activity  of  the  inorganic  phosphorus  in  the  adrenal  gland  of 

hypophysectomized  rats,  Riedel,  Logan  and  Ross  iter  (65)  found 

a  decrease  in  the  concentration  and  in  the  specific  activity  of 

adrenal  lipid  phosphorus.  These  workers  suggested  that  the  decreased 

32 

incorporation  of  P  into  lipid  phosphorus  might  be  secondary  to 

the  reduction  in  the  rate  at  which  inorganic  phosphorus  passes 

through  the  adrenal  cell  membrane.  They  also  suggested  that  there 

may  be  a  decreased  formation  of  phospholipids  from  the  intracellular 

inorganic  phosphorus.  These  investigators  postulated  the  possibility 

that  these  changes  in  lipid  phosphorus  metabolism  could  reflect 

a  marked  decrease  in  the  total  energy  metabolism  of  the  adrenal  cell. 

Further  support  was  given  by  Logan,  Heagy  and  Rossiter 

(66)  for  the  thesis  that  hypophysectomy  caused  a  marked  decrease  in 

the  total  energy  metabolism  of  the  adrenal  cell.  These  workers 

found  that  hypophysectomy  reduced  the  concentration  and  incorporation 
32 

of  P  into  adrenal  nucleotides.  A  single  injection  of  ACTH  reversed 

these  effects  of  hypophysectomy. 

From  recent  research,  reviewed  by  Saffran  (28)  a 

scheme  has  been  proposed  in  which  ACTH  stimulates  the  accumulation 

of  3',  5'  AMP  within  the  adrenal  cell.  3',  5'  AMP,  by  stimulating 

phosphorylase  activity,  subsequently  increases  the  amount  of  adrenal 

TPNH.  TPNH  has  been  reported  necessary  in  the  formation  of 

corticoids  (15).  Although  the  experimental  conditions  differ, 

this  observation  that  ACTH  ultimately  stimulates  the  phosphorylase 

32 

activity  in  the  adrenal  cell,  would  suggest  that  the  increased  P 
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activity  in  the  adrenal  (in  response  to  ACTH)  is  the  result  of 
an  increased  rate  of  turnover  of  acid  soluble  phosphorylated 
compounds . 

c.  Dorsolateral  Prostate  and  Ventral  Prostate 

Although  four  day  hypophysectomy  did  not  appear  to 
affect  either  dorsolateral  prostate  or  ventral  prostate  QC>2>  longer 
term  hypophysectomy  (four  to  twenty  days)  reduced  the  QO2  in  both 
prostate  portions.  The  percentage  decreases  in  the  mean  QO2  of 
the  two  prostate  portions  four  to  twenty  days  after  hypophysectomy 
were  approximately  equal,  but  were  not  as  great  as  the  percentage 
decrease  in  adrenal  QO2  in  the  same  series.  This  observation  would 
suggest  that  the  prostate  QO2,  as  well  as  the  adrenal  QC>2>  is 
influenced  by  the  hypophysis.  In  addition  to  the  observation  that 
the  magnitude  in  reduction  of  QO2  was  greater  in  the  adrenal  than 
in  the  prostate,  the  fact  that  the  adrenal  QO2  was  reduced  four 
days  postoperative  and  the  prostate  QO2  was  unchanged  at  this 
time,  would  suggest  that  the  hypophysis  has  greater  influence  on 
the  QO2  of  target  organs  than  on  the  QO2  of  other  parts  of  the  rat 
body. 

Four  days  after  hypophysectomy  was  sufficient  time 
to  observe  a  change  in  concentration  of  acid  soluble  phosphorus 
in  the  prostate.  The  dorsolateral  prostate  phosphorus  concentration 
was  reduced,  whereas,  the  ventral  prostate  phosphorus  concentration 
was  increased.  It  has  been  reported  that  hypophysectomized 
animals  lose  more  water  and  protein  and  much  less  fat  than  normal 
rats  (105) .  Such  a  loss  in  water  and  protein  and  consequent 
loss  in  tissue  weight  might  not  be  accompanied  by  a  loss  in  phosphorus. 
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This  could  explain  why  the  phosphorus  concentration,  which  is 
based  on  the  wet  weight  of  the  tissue  was  increased  in  the  ventral 
prostate.  It  would  not,  however,  explain  the  decreased  phosphorus 
concentration  in  the  dorsolateral  prostate,  which  could  therefore 
be  due  to  a  true  reduction  in  the  phosphorus  concentration. 

Similar  to  the  effect  of  hypophysectomy  upon  prostate 
QO2,  the  specific  activity  of  either  dorsolateral  or  ventral 
prostate  acid  soluble  phosphorus  was  unaltered  four  days  after 
hypophysectomy.  A  significant  increase  in  specific  activity 
and  relative  specific  activity  of  both  prostate  portions  was 
observed  four  to  twenty  days  following  hypophysectomy.  It  is 
tempting  to  attribute  the  increased  level  of  in  the  prostate 
in  the  longer  term  hypophysectomized  rats  to  the  increased  level 
of  in  the  plasma.  Geschwind  and  his  co-workers  (63)  were  of 
the  opinion  that  the  high  P^2  activities  in  soft  tissues  (liver, 
kidney,  thymus)  of  hypophysectomized  animals  simply  reflected  the 
high  plasma  activities. 

AGTH  did  not  significantly  affect  the  QO2,  phosphorus 
concentration  or  incorporation  of  P*^  in  either  of  the  prostate 
portions  in  hypophysectomized  animals.  In  normal  rats  (Series 
IV)  ACTH,  significantly  increased  ventral  prostate  phosphorus 
concentration  but  decreased  the  specific  activity  and  relative 
specific  activity.  However,  in  the  other  experiments  (Series  II- 
IV)  the  administration  of  ACTH  did  not  significantly  affect  any 
measurements  performed  on  the  rat  prostate. 
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2.  Effects  of  Adrenalectomy  and  the  Administration  of  DCA 

(a)  Plasma 

The  results  reported  here  and  by  others  (106) 
have  shown  that  adrenalectomy  increases  the  plasma  concentration 
of  inorganic  phosphorus.  In  this  investigation,  adrenalectomy 
also  increased  the  plasma  specific  activity.  The  decreased  plasma 
volume  in  adrenalectomized  animals  (12)  with  subsequent  concentration 
in  plasma  constituents  may  contribute  to  the  explanation  of  these 
observations . 

Since  chronic  administration  of  DCA  depressed 
the  plasma  specific  activity  in  both  intact  and  adrenalectomized 
animals,  the  mineralocorticoid  may  have  a  direct  action  on  the 
removal  of  from  the  plasma.  Mills  and  Thomas  (107)  suggested 

that  corticoids  caused  a  fall  in  plasma  phosphorus  concentration 
by  increasing  the  permeability  of  cell  membranes  to  phosphate  and 
by  stimulating  some  active  process  in  phosphorus  uptake.  They 
further  suggested  that,  since  glucocorticoids  increase  the  liver 
glycogen,  the  disappearance  of  phosphate  from  the  plasma  may 
be  associated  with  the  deposition  of  glycogen.  Although  slight 
in  comparison  with  the  glucocorticoids,  hydrocortisone  and 
cortisone,  DCA  does  increase  liver  glycogen  (50). 

As  previously  mentioned,  this  investigation 

was  not  designed  to  study  the  effects  of  hypophysectomy  or  adrenalectomy 

on  the  plasma  specific  activity.  It  is  interesting,  however, 

that  in  both  cases,  the  plasma  specific  activity  was  increased. 

Further  work  could  be  done  in  an  attempt  to  elucidate  the  hormonal 
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control  of  the  plasma  level  of  P  . 
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(b)  Adrenal 

Chronic  administration  of  DCA  reduced  both  the  QC>2 

and  the  relative  specific  activity  of  the  adrenal.  However,  these 

decreases  were  not  significant.  Others  reported  that  prolonged 

cortisone  treatment  reduced  the  adrenal  respiration  (93)  and 

32 

incorporation  of  P  (75). 

( c)  Dorsolateral  Prostate  and  Ventral  Prostate 

Part  B  of  this  study  was  conducted  primarily  to 

observe  the  effects  of  adrenalectomy  and  the  administration  of 

DCA  on  the  tissue  respiration  and  phosphorus  metabolism  of  the 

prostate.  Rudzik  and  Riedel  (4)  reported  that  adrenalectomy 

reduced  the  zinc  concentration  and  incorporation  of  Zn^^  in 

the  dorsolateral  prostate.  They  suggested  that  the  dorsolateral 

prostate  is  dependent  upon  normal  adrenal  activity  for  proper 

functional  activity.  In  this  investigation  it  was  found  that 

adrenalectomy  or  suppression  of  adrenal  activity  with  DCA  reduced 

the  dorsolateral  prostate  QC^*  Adrenalectomy  also  reduced  the 

relative  specific  activity  of  this  gland. 

Unlike  the  dorsolateral  prostate,  the  ventral  prostate 

QC>2  and  relative  specific  activity  were  unaltered  by  adrenalectomy 

or  chronic  administration  of  DCA.  Rudzik  and  Riedel  suggested 

that  these  two  lobes  of  the  prostate  were  functionally  different 

organs  since  adrenalectomy  did  not  alter  the  ventral  prostate 

zinc  concentration  or  Zn°  incorporation. 

Although  the  experimental  conditions  differ,  from  the 
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effects  of  adrenalectomy  on  prostate  QC>2  and  P  uptake  observed 
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in  this  investigation  and  from  the  effects  of  adrenalectomy 
on  zinc  metabolism  of  the  prostate  observed  by  Rudzik  and 
Riedel  ,  two  suggestions  can  be  made: 

39 

1.  The  dorsolateral  prostate  QC^  t  P  incorporation 
and  zinc  metabolism  are  dependent  upon  normal 
adrenal  activity,  and 

2.  The  two  lobes  of  the  prostate  are  functionally 
different . 
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VI  SUMMARY 

The  aim  of  this  research  was  to  determine  the  effects 
of  altered  adrenal  states  on  the  tissue  respiration  and  phosphorus 
metabolism  in  the  adrenal  gland  and  the  dorsolateral  prostate  and 
ventral  prostate  glands. 

1.  It  was  found  that  hypophysectomy  significantly  depressed 
the  respiration  of  adrenal  and  prostate  tissues. 

2.  Hypophysectomy  reduced  the  relative  specific  activity 

of  the  adrenal.  In  contrast,  an  increased  level  of 
32 

P  was  found  in  the  prostate  and  plasma. 

3.  Administration  of  AGTH  significantly  increased  both  the 
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tissue  respiration  and  the  incorporation  of  P  in  the 
adrenal  of  normal  animals  and  hypophysectomized  rats. 

4.  A  single  injection  of  ACTH  had  little  effect  on  prostate 
respiration  or  on  prostate  or  plasma  phosphorus  metabolism, 
in  either  normal  or  hypophysectomized  animals. 

5.  A  single  injection  of  DCA  increased  adrenal  QC>2  *  No  other 
effects  were  observed  in  adrenal,  prostate  or  plasma  metabolism. 

6.  Daily  injections  of  DCA  in  normal  rats  reduced  adrenal  and 
dorsolateral  prostate  QO2  and  adrenal  relative  specific 
activity.  Adrenalectomy  reduced  dorsolateral  prostate  QO9 
and  relative  specific  activity. 

7.  The  ventral  prostate  QO^  and  relative  specific  activity  were 
unaltered  by  either  chronic  administration  of  DCA  or 
adrenalectomy. 

8.  Adrenalectomy  increased  the  plasma  specific  activity. 

Chronic  DCA  treatment  reduced  the  plasma  specific  activity 
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in  both  normal  and  adrenalectomized  rats. 

9.  The  significance  of  the  findings  is  discussed. 
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